The second system of slow e x t r a c t i o n of l i g h t nuc l e a r beams with an energy from 200 MeV/n t o 3 GeV/n h a s been under operation a t t h e Synchrophasotron (SPT) s i n c e 1988. To decrease t h e dimensions of a strongly divergent beam passing throuch t h e t r i n g i n g f i e l d , g r a d i e n t shims have been i n s t a l l e d . This permits one t o e x t r a c t and t o t r a n s p o r t about 30% of a c i r c u l a t i n g beam. Such a l i m i t a t i o n of t h e e x t r a c t i o n c o e f f i c i e n t i s determined by a one s t a g e d e f l e c t i n g system consist i n g of a septum-magnet and a quadrupole septum-lens.
(The e x i s t i n g equipment of t h e s t r a i g h t s e c t i o n s does not allow t h e second s t a g e of t h e inner t r a n s p o r t l i n e t o be i n s t a l l e d ) . During one c y c l e t h e operation of the second e x t r a c t i o n with t h e f i r s t one ( t h e e x t r a c t i o n c o e f f i c i e n t i s about 90% and t h e energy 4 GeV/n) i n c r e a s e s s i g n i f i c a n t l y t h e e f f i c i e n c y of operation of t h e SPT f o r n u c l e a r research.
I n t r o d u c t i o n
The second d i r e c t i o n of p a r t i c l e e x t r a c t i o n was i n i t i a l l y c r e a t e d a t t h e SPT f o r t h e i r r a d i a t i o n of bubble chambers/l/. This required a very low i n t e n s i t y over a s h o r t period of e j e c t i o n time. Later on t h e spill time was increased, b u t t h e i n t e n s i t y in t h e beam transp o r t l i n e was no more than a few f r a c t i o n s of a per cent of t h e i n t e n s i t y a t t h e septum-magnet due t o a l a r g e c r o s s s e c t i o n of the e x t r a c t e d beam a t t h e e x i t of t h e r i n g magnet caused by i t s passage throuch t h e edge magn e t f i e l d .
Since t h e number of p h y s i c i s t s pretending t o c a r r y out experiments on SPT beams h a s s u b s t a n t i a l l y increased r e c e n t l y , the following task was put: t o r a i s e t h e i n t e n s i t y of t h e beam i n t h e second experimental h a l l by more than an order of magnitude.
C a l c u l a t i o n a n d D e s i g n The essence of t h i s work c o n s i s t s i n changing t h e defocusing magnetic f i e l d f o r t h e focusing one by means of i t s shimming. Preliminary c a l c u l a t i o n s have shown t h a t a d e s i r a b l e r e s u l t can be achieved i f t h e region
( by an increasing one. I n t h i s c a s e t h e beam crossed t h e a l t e r n a t e g r a d i e n t f r i n g i n g f i e l d a s a focusing DFD--t r i p l e t .
The i n i t i a l c o n d i t i o n s a t t h e input of t h e septum-
-magnet have been obtained by simulating of t h e resonance e x t r a c t i o n a t t h e SPT/2/ f o r t h e main f i e l d , B o , of 0.5 T and a momentum spread of k4.10-4. The p a r t i c l e motion downstream t h e septum-magnet was computed by t h e program simulating t h e magnetic f i e l d i n t h e SPT quadr a n t taking i n t o account desturbances and t h e f r i n g i n g f i e l d / 3 / . A t t h e f i r s t s t a g e t h e shim g r a d i e n t and i t s azimuthal extension, f o r which t h e beam s i z e i s minimum, were determined i n a l i n e a r approximation. Taking engineering considerations i n t o account, t h e optimum azimuthal length of t h e shims was taken a s 3.8 m which corresponds t o t h e d i s t a n c e between t h e windows of t h e SPT magnet yoke.
shimsf4f t o provide t h e required g r a d i e n t . The shape of 4 m) of a more sharply decreasing f i e l d i s replaced Next s t e p was t o compute t h e configuration of t h e USSR t h e shims taken f o r c a l c u l a t i o n i s shown i n Fig.1 . By varying t h e dimensions of h l and h2, d i f f e r e n t forms of t h e magnetic f i e l d were obtained t o take one of them a s an optimum value. The r e s u l t s of computing a r e given i n Fig.2 . I t i s seen t h a t t h e g r a d i e n t i s proportional t o t h e main guide f i e l d only up t o 0.6 T s i n c e f u r t h e r t h e e f f e c t of iron s a t u r a t i o n shows i t s e l f appreciably. 
Fig.2. The d i s t r i b u t i o n of t h e magnetic f i e l d i n
t h e shimming region a t d i f f e r e n t c u r r e n t s in t h e SPT windings. J, i s c u r r e n t a t B, = 0.5 T
Under these conditions t h e simulation of beam t m sp o r t a t i o n h a s shown t h a t introducing t h e shims decreases
s u b s t a n t i a l l y a v e r t i c a l s i z e ( t o 10 cm) and an angular divergence ( t o 10-14 mrad) a t t h e e x i t of t h e quadrant, and t h e s e parameters a r e weakly dependent on the variat i o n of t h e g r a d i e n t and t h e azimuthal p o s i t i o n of the shims. However, the h o r i z o n t a l c h a r a c t e r i s t i c s of t h e beam a r e more s e n s i t i v e t o t h e s e parameters. Neverthel e s s , i n t h e region of t h e g r a d i e n t n e a r 0.93 T / m t h e h o r i z o n t a l width of t h e beam i s s t a b l e and s u i t a b l e f o r f u r t h e r t r a n s p o r t a t i o n . I t s h o r i z o n t a l s i z e and divergence a t t h e head of t h e beam t r a n s p o r t l i n e a r e 4.4 cm and 6.2 mrad, r e s p e c t i v e l y . The envelope of the beam i n t h e h o r i z o n t a l (x) and v e r t i c a l (z) p l a n e s ins i d e t h e quadrant i s shown i n Fig.3 . The e f f e c t i v e em& tance of t h e beam i n both planes i s about 70 mrad.
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F i g . 5 shows a photograph of the e x t r a c t e d beam near the 11-th window.
x; Work i n the i n s t a l l a t i o n of t h e shims and new p a r t s of t h e vacuum chamber was f i n i s h e d i n the middle of l a s t year. Fig.4 shows t h e shimming region of t h e SPT magnet under c o n s t r u c t i o n . The experiments performed with proton and carbon beams show a good agreement b e tween t h e c a l c u l a t e d and obtained values such a s the p o s i t i o n of t h e t r a c e , t h e c r o s s s e c t i o n s of t h e beam and an e x t r a c t i o n c o e f f i c i e n t of about 30%.
A s expected, t h e beam e x t r a c t i o n a t the f i e l d above 0.6 T l e a d s t o increasing t h e beam c r o s s s e c t i o n due t o s a t u r a t i o n e f f e c t s , b u t t h e acceptance of the channel allows one t o t r a n s p o r t t h e beam without l o s s e s . In t h i s case the r a d i a l p o s i t i o n of the beam i s c o r r e c t e d by changing t h e f i e l d i n t h e septum-magnet and i t s pos i t i o n . R e f e r e n c e s 1 . V.N.Buldakovsky e t a l . , Beam E x t r a c t i o n System of t h e Synchrophasotron. IEEE Trans.Nuc1 .Sci. NS-32, N,5, 3015(1985) . 2 . B.V.Vasilishin e t a l . , J I N R , 9-6720, Dubna( 
